. There are various methods for the adsorption or removal of arsenic from contaminated water sources, the most important of which are chemical deposition [2] , reduction by electron ultrafiltration [3] , ion exchange [4] , and absorption process [5] . Among these approaches, the absorption method is more cost-effective, efficient, and easy-to-absorb, and extensive studies on the absorption of arsenic by adsorption processes have been reported . However, researches are looking for adsorbents with a higher absorption rate, the identification of an ideal adsorbent for the maximum absorption of arsenic has not yet been suggested clearly. Activated carbon has been used with the proper properties as an efficient absorbent in treatment of industrial wastewater for a Long time, especially in the absorption of metal ions. In the meantime, various technologies, including nanotechnology, have increased the capacity of adsorbents used to absorb more pollutants, including arsenic, so that a new view has been opened in the field of wastewater treatment. For example, carbon nanotubes [8] , graphene [9] , graphene-oxide [10] , various graphene base materials, including graphene hybrids [11] and graphene/metal oxide nanocomposites [12] , including nano-absorbents which have been used in extensive researches, and by using them, the best results have been obtained. Moreover, no information is available to use the adsorption of graphene/activated carbon for removing arsenic from wastewaters. Graphene oxide has shown good results in the removal of some heavy metals from the effluent, which, in its structure, oxygen acts as an absorption agent for metal ions [13] . In graphene/activated carbon composite, each of graphene and activated carbon structures exhibits distinct effects on each other's performance. For example by considering the effect of activated carbon on graphene behavior, it can be admitted that the layer of graphene plate is rolled onto activated carbon that not only prevents the graphene from sticking together, but also increases the porosity of the composite structure. Consequently, it increases the specific surface of adsorbents, which it is ideal target for sorbents.
On the other hand, graphene sheets, due to their very small structures, act as a filler among the active carbon structures and due to its conductive behavior, and thereby, the absorption path in the new structure of activated carbon is shortened. It also facilitates the transfer of free electrons in the composite structure and lowers its resistance. This phenomenon is also the ideal goal of an ideal adsorbent in sorption of ions [14] . In this research, the graphene/activated carbon composite synthesized as a porous adsorbent with a high specific surface area is used for absorbing arsenic from industrial effluent.
Experimental

Synthesis of Activated carbon/gra phene composite absorbent
At First, graphene oxide has been obtained by Hammers method with the mechanism of opening of graphite layer sheets. After that, a double layer dish with dilute sulfuric acid is washed, and while the solution of sulfuric acid including graphite is stirred, the temperature of the solution is reached to 0 °C using liquid cooling circulator. The amount of 2300 ml of sulfuric acid (98%) has been poured into the reactor and mixed with 100 g of pure graphite powder into the container, and the mixing operation has been carried out for 30 minutes. Afterwards, the amount of 300 g of solid potassium permanganate powder is slowly added to the mixture during 6 hours, and the mixture is stirred for one hour after completion. Then the temperature circulator is increased to 40 °C, and after stabilizing the temperature, the mixing operation continuous for about three hours. For dilution, 500 ml of distilled water is added with caution to the reactor, and the circulator bleach and 3.5 liters of distilled water are poured into a larger container, and then the contents of the reactor are slowly transferred to a larger container. Afterwards, the mixing operation is carried out for one hour. The amount of 300 ml hydrogen peroxide 30% has been slowly added to the container, then mixing condition has continued for 2 hours. Then 3 liters of chloride acid have been added to 3 liters of distilled water separately.
Afterwards, the produced solution has been added to the contents of the container. Then the process continues for one hour. The stirrer has been turned off, and the mixture has been subjected to the intense ultrasound waves for 4 hours since the opened plates do not adhere to each other. After that, the container has been settled about eight hours until the sediment is formed. Then from the above part of the container, the produced solution has been poured out, and the sediment contents of the container are filtered. The strained cake is transferred to a Chinese plant. Afterwards, the cake is placed in a vacuum oven at 50 °C for two hours, and then rinsed ultrasonically with distilled water until neutral pH is achieved. After the neutralization process, the powder formed is used as the graphene oxide [15] . To prepare activated carbon, first 200 g of powdered glucose is placed into a quartz tube. The reactor is placed under nitrogen atmosphere for 30 minutes. It is then gently warmed up to a temperature of 350 °C and remained for 2 hours. The glucose is carbonized under these conditions and is colored as a black powder. In order to increase the activated carbon efficiency, its surface activation is carried out to perform a graphene composite synthesis reaction under a two-step preactivation process. In the first step, at first, 10 g of activated carbon powder is mixed with 20 g of zinc chloride, and the mixed composite powder is added to 300 ml of distilled water in a closed container. Afterwards, the produced solution is exposed to heat for 7 hours at 70 °C. During the heating process, the water must not evaporate, and the process is carried out in a dilute aqueous medium. This action causes the activated carbon to become more porous. Then, the mixture becomes smooth with a filter paper, and the smooth mixture is dried in an oven at 80 °C for 1 hour. The dried powder is placed in a tubular quartz reactor, and the powder is heated for one hour under neutral atmosphere while temperature is equal to 400 °C. The powder has been extracted from the reactor. Then the powder has been poured into a one-molar chloride acid at 90 °C for 30 minutes. This has been carried out to remove chloride from the remaining activated carbon powder. The remaining mixture is filtered and washed with warm distilled water several times to remove remaining and additional chemicals. The filter cake is dried in an oven at 65 ° C for 11 hours. In the second step, 10 g of the carbon powder obtained from the first step has been mixed with 30 g of potassium hydroxide, and the obtained mixture has been placed in 300 ml of distilled water into the container and brought to a temperature of 50 °C. Then the mixture is mixed with alternating heat for 1 hour. The resulting mixture has been filtered with filter paper. Afterwards, the filtered mixture has been dried in an oven that its temperature is equal to 80 °C for 1 hour. The dried powder is placed in a tube quartz reactor and heated slowly at 700 ° C for one hour under neutral atmospheres. The powder has been brought out from the reactor. Afterwards, it has been dried in an oven at 40 °C for one night. Dried powder is a porous activated carbon that is susceptible to participation in the graphene composite structure. In order to synthesize the active graphene / activated carbon composite, first add 0.9 grams of dried graphene powder to 200 ml distilled water and add ultrasonic waves of 100 watts for a period of two hours, which appears as a mixed mustard mixture. Then, the amount of 20 grams of activated carbon powder is slowly added to the ultrasonic mixture for 3 hours. The mixture is placed at 50 ˚C for one day, and then the water evaporates. The remaining solids are introduced into a quartz reactor formed in a tube, and under a nitrogen atmosphere, it is slowly heated to 350 ° C and left for 2 hours. The final product of this reactor is the graphene/activated carbon composite [16] .
Study of structural properties of graphene/ activated carbon composite
In order to investigate the crystalline structure and the phases present in the synthesized graphene/ carbon composite, X-ray analysis has been carried out. In this study, a XRD spectrometer (Philips, PW-1840) with a beam of 1.494 nm and a voltage of 40 kV and a current of 30 mA has been used. The spectrum obtained has been compared with the Hammers graphene XRD. This comparison is shown in Figure 1 . According to Fig. 1 (a) , it is seen that the graphene obtained from the Hammer's process at 12.5 degrees has a sharp and narrow peak, which indicates the crystalline structure of the graphene oxide form, this means that the process of opening graphite plates in the reaction of oxidation with concentrated acid (Hammers process) is successfully achieved. While in Figure 1 (b) , the peak has been shifted to a point of 26.5 degrees and its intensity is very low. This criterion is a carboncrystalline structure with double bonds without the presence of oxygenation groups, which has been observed in pure graphene structure. As a result, the process of making the graphene/activated carbon composite, which has undergone a severe heat stroke, causes the oxygen groups have been removed from the composite structure. It also shows that the synthesized composite structure is free of any non-carbon bonding, in other words, there is no additional contaminant in its structure. In the following, a comparison of the two types of graphite and synthesized composites is made, as seen in Figure 2 . It is observed that the peaks of D and G in the area of cm-1 of 1338 and 1611 cm-1 appear to be good in this function respectively. The D-peak represents stru c tural defects that appear due to its presence in d e structive environments such as concentrated (or s trong) acidic environments or the presence of d i fferent operating groups on the graphene's structural surface, while the G-peak is due to the grap h ite crystalline network produced by the carbon bonds. Thus, the ratio of the intensity of the D/G peaks is an indicator of the structural state of graphene, which is equal to 0.88, as shown in Fig.  2a . This ratio indicates the presence of high oxygen groups on the structure of the Hammers graphene, whil e in Fig. 2b , this value is increased to 1.69 due t o the elimination of oxygen's groups of the pres e nt graphene in the destructive environment. Thes e results are also consistent with the XRD anal y sis shown in Fig. 1 . In order to study the surf a ce properties of graphene/activated carbon composite, the TEM image has been used, as seen in Fig. 3 . According to Fig. 3 , it can be seen that the layered structure of graphene nanosheet, which has a micro-length, is well opened, and active carbon particles are interacting. Small graphene layers are randomly and irregularly distributed in activated carbon particles. Moreover, in circular shapes, in addition to carbon, they also interact with each other, which have created a structural network in activated carbon and produced a total porosity. Moreover, this phenomenon is due to a large amount of disruption in the open graphene layers during the Hammers process which is linked by functional groups in the edges and structural defects of graphene to activated carbon. The very narrow channels created by the graphene plates inside the activated carbon structure cause large structural porosity of the composite to be obtained. To investigate the structural porosity of synthesized composites, the technique of nitrogen absorption and desorption under different relative pressures has been used by the BET method. In this research, the Belsorp mini II BET device, the Japanese company BelJapan, has been used. Preparation of samples is including drying and degassing, which for this purpose, the specimens should be heated in vacuum at 120 °C for 10 to 15 minutes for removing water vapor, carbon dioxide, or other molecules that may occupy the volume of the material cavities. Then the samples cool down to the liquid temperature of the nitrogen gas. Then the amount of nitrogen gas absorbed by the composite or graphene structure is measured by gradually increasing the relative pressure, and its depletion rate is calculated by decreasing the pressure at a constant temperature of 77 K. It has been observed that in each case, with an increase in relative pressure, the nitrogen uptake has increased, and in the depletion mode, the same initial pattern of absorbed nitrogen volume has been obtained. The summary of the results is presented in Table 1 . According to the Table 1 , graphene has shown an increase in the specific surface area of activated carbon by 87%. Also, the graphene composite with a specific surface area of 1841 m2/g exhibits a very active surface structure that is very attractive in the absorption region. In addition, the process of synthesis of graphene composites has increased the volume of activated carbon cavities up to 18%, indicating an increase in the absorption capacity of this structure. However, the size of the cavities is not larger and, as a result, the number of each of them is much larger. The presence of graphene in the active carbon structure reduces the size of the cavities, so that the average diameter of the cavities in the composite is reduced b y 22%. In other words, the hypothesis of the interaction between graphene and activated carbo n on each other in the composite structure is v i sible from the point of view of the positive effe c t of graphene on the active carbon structure and g raphene reduces the size of the cavities and increases their number in the activated carbon structure. Based on the results of the structural analysis of synthesized composite, which indicates the proper position of this structure as a sorbent, it is further used to absorb arsenic in water.
The evaluation system of absorbent performance and process variables
In this study, a batch reactor system has been used in a laboratory scale to carry out the process of adsorption and removal of arsenic in water, the schematic illustration is shown in Fig. 3 .
In accordance with Fig. 4 , the system, which has been used, consists of a double-headed reactor of Pyrex with an internal volume of 300 cc, which is an environment for an adsorption reaction. During the absorption process, a circulator has been used to transfer the required temperature and to maintain the flow of the agent into the reactor's second wall. The reactor is equipped with a mechanical agitator system that can control the speed of the stirrer in different periods. At the end of the stirrer rod, two parallel blades, with 2 cm in length, are placed at an angle of 1 cm above the bottom of the reactor, which is made of polymer and neutral, with the aim of mixing the wastewater and the lack of deposition of the adsorbent at the end of the container is used during the absorption process. Also, this system provides an opportunity to study the rate of mixing speed in the absorption process. To provide the required heating, a magnetic stirrer equipped with an electric heater can also be used. Arsenic adsorption process for two active carbon adsorbents and graphene/activated carbon composite for 200 cc wastewater containing threevalence arsenic (Al 3+ ) in water at 45 °C with an abrasive stirrer 700 rpm has been carried out, and their results have been compared with each other. These processes have been repeated at different times and at different concentrations of arsenic in water and different concentrations of adsorbent and pH values. These values are presented in Table 2 .
Results and discussion
According to the variables defined, the arsenic adsorption process is performed by two adsorbents including active carbon and active carbon-graphene composite in two pH values. In these experiments, the amount of adsorbent is used, and the time of the adsorption process with the initial concentration of arsenic in the wastewater is changed in two levels. Upon completion of the test, the amount of arsenic in the wastewater is measured by atomic absorption analysis with the PerkinElmer 2380 machine. The amount of adsorption of arsenic after the adsorption process is calculated by the following equation (Eq. 1). Table 2 summarizes the number and conditions of absorption experiments. For more precision and the possibility of repeatability of the experiments, each experiment has been repeated three times, and its mean value as absorption efficiency has been calculated and reported. In addition, Table 3 summarizes the results of arsenic adsorption under various laboratory conditions. According to Table 3 , it is generally observed that the adsorption rate in activated carbon/graphene composites is higher than of activated carbon, so that under the same conditions due to the positive effect of graphene on porosity. The total amount of adsorption increased from 6.6% to 9.3%, and the highest amount of arsenic adsorption occurred when using 200 mg graphene/activated carbon composite in 120 minutes for effluent with concentration of 100 mg which is 42.4%. It is observed that increasing the concentration of arsenic in wastewater decreases the amount of absorption due to the presence of more arsenic in the wastewater and the creation of mass transfer resistance in its transfer to the absorbent level. In this case, by comparing the absorbance value for active carbon, the same phenomenon is observed, as the amount of adsorption decreases by about 2.5%. Therefore, the amount of arsenic adsorption by active carbon with the presence of arsenic in large concentrations is inversely proportional, and it can be used as a supplementary method in adsorption. It can be seen that the presence of graphene in the activated carbon structure due to electron exchange in the sites at the edges and structural defects of graphene humors increases the absorption performance. However, the time of the absorption process does not have any significant effects on it, based on this study, if it is required to absorb less than 1% of arsenic in wastewater by using graphene/activated carbon, the time of absorption must be increased twice. In addition, if it is required to absorb less than 1% of arsenic in wastewater by using activated carbon, the time of absorption must be increased 2.3 times. As a result, graphene has increased the adsorption rate, which has accelerated the absorption process, and has a positive effect on the economy of this process. Therefore, due to the negligible difference and the very little effect of absorption time with the presence of graphene, the absorption time at 60 minutes as an optimal point of the process is suggested. By changing the amount of acidity of the effluent from 6 to 3, the empirical values obtained in Fig. 2 are reported. According to Fig. 5 , it is observed that with increasing pH in all experiments, the amount of adsorption increases. Generally, it is seen that the reduction of the pH of the effluent is strongly influenced by the amount of absorption due to the competition of adsorption of arsenic in the acidic environment. In addition, it is observed that in lower pH values, the amount of adsorption decreases, but the intensity varies in different conditions. When only activated carbon adsorbent is used, the greatest effect of pH is on AC3 adsorption conditions, which changes 6.1% of absorption, whereas when composite absorbent is used, the most effect of pH is on AC/G7 adsorption conditions, of which 6.3 units change the absorption percentage. In general, the maximum amount of arsenic adsorption decreased by 6.3%, which is related to dilute arsenic concentrations when 200 mg of composite absorbent is taken at 60 and 120 minutes. Therefore, it is noted that the time of adsorption process has no significant effect on the amount of arsenic adsorption. To better evaluate the effect of time on adsorption, absorption processes are compared with each other over a period of 60 minutes. According to Table 4 , it is observed that in the same condition, the presence of graphene increases the amount of arsenic absorption. According to Table 4 , the presence of graphene in neutral pH (pH = 6) has a greater effect on the absorption rate due to the intrinsic effect of more graphene porosity on the total of the adsorbent. Moreover, the lack of ionic resistance in adsorption of arsenic could also point to the phenomenon of favorable spatial inhibition between graphene sheets in neutral media due to the negative charge found in the graphene agent groups of Hammers. That way, by increasing the pH of the environment, the presence of positive ions in the wastewater decreases, and the tendency to converge graphene plates in the composite weakens. As a result, adsorption of arsenic by composite adsorbent with less resistance and more surfaces by graphene is done. This subject occurs with the same intensity in the 120-minute adsorption period. Due to the presence of graphene in the structure of activated carbon, the effect of absorbing time is insignificant. In addition, due to the structural nature of the adsorbent and the low concentration of arsenic, better adsorption is there in the process. Therefore, it is observed that with the presence of less adsorbent, the greatest effect of pH in the adsorption process is due to the presence of graphene in the adsorbent structure which increases the absorption to about 1.4 times. That is, graphene greatly enhances the effect of the pH of the wastewater, in other words, when the composite absorbent is used, the sensitivity of the adsorption process to higher pH changes should be controlled with greater precision and be limited to higher pH.
4-Conclusion
Activated carbon as one of the most suitable and efficient adsorbents in adsorption of arsenic in industrial effluents has a good performance, so that it can separate about 86.6% of arsenic from wastewater during 120 minutes. Because the adsorption process carried out by activated carbon is related to porosity and ion exchange, it is attempted to upgrade these parameters by changing its structure. For this purpose, the graphene structure of Hammers, which has a very high porosity and anionic surface charge, as a modern idea is used in this research. It has been observed that the presence of graphene in the adsorbent structure has caused a significant increase in the amount of adsorption of arsenic, so that in optimum conditions, the adsorption rate increased up to 91.8%. On the other hand, the absorption time of more than 60 minutes have not had any significant effects on absorption, and this process causes the more economical due to requiring of shorter time for balancing the maximum absorption. Moreover, by observing the effect of wastewater pH, graphene performance has been improved at higher pH values due to the force of dissolved ion potential difference at the rate of adsorption of arsenic by composite absorber. Therefore, it can be controlled by adjusting the pH of wastewater, and the use of corrected graphene structures easily controls the absorption process and increases the efficiency of absorption. Also, it has been observed that with increasing arsenic concentration, the absorbent performance of the composite is weakened. Due to the sensitivity of the presence of arsenic in released wastewater, these types of adsorbents are suitable for final purification and dilute wastewater. 
